biotypes, and oxidation-fermentation tests gave 3 biotypes. Oxidation-fermentation results were consistent with restriction fragment polymorphs in all but 1 of the 20 strains tested. For ease of typing, comprehensive typeability, and reproducibility, oxidation-fermentation tests should be performed initially and followed if necessary by restriction fragment polymorph analysis for the elucidation of P. pickeltii infection outbreaks.
outbreak strains and one epidemiologically distinct strain ofPseudomonas pickettii. Biotyping with conventional and methylumbelliferyl substrates failed to distinguish between strains. Plasmid profile testing was found to be inconsistent and not reproducible. The Biolog GN kit allowed greater strain differentiation than restriction fragment polymorphism did (12 biotypes versus 5 biotypes); antimicrobial susceptibility testing yielded 4 biotypes, and oxidation-fermentation tests gave 3 biotypes. Oxidation-fermentation results were consistent with restriction fragment polymorphs in all but 1 of the 20 strains tested. For ease of typing, comprehensive typeability, and reproducibility, oxidation-fermentation tests should be performed initially and followed if necessary by restriction fragment polymorph analysis for the elucidation of P. pickeltii infection outbreaks.
Pseudomonas pickettii is widely distributed in nature, being a frequent contaminant in water supplies (2, 34) . It is increasingly identified as an opportunistic pathogen in nosocomial infections, especially among immunosuppressed patients (21) . P. pickettii is an infrequent cause of bacteremia (7, 9) , meningitis (8) , endocarditis (14) , pneumonia (36) , and osteomyelitis (38) . It has also been implicated in commonsource nosocomial infection outbreaks due to the addition of contaminated water to parenteral fluids (10, 22, 33, 35) and to medical equipment presumed to be sterile (17, 24, 37) . Respiratory and nasopharyngeal colonization in immunosuppressed patients has been described (10, 24, 27) . Previous attempts to differentiate between strains in order to elucidate infection clusters have used polyacrylamide gel electrophoresis of whole cell proteins (21) and antibiotic susceptibility profiles (22) . This study evaluates plasmid profiles, genomic DNA restriction fragment polymorphism, and biotyping by conventional methods, along with rapid detection of preformed bacterial enzymes by fluorogenic substrate hydrolysis and a commercial enzyme profile system, as typing methods. Strains from an Australia-wide outbreak of bacteremia caused by contamination of a single batch of ampoules of parenteral water commercially produced for injection were used. Nineteen cases of bacteremia due to three biotypes of P. pickettii and one case of Pseudomonas cepacia infection were reported. Of the 19 patients with P. pickettii septicemia, 13 had an underlying neoplasm. The clinical course of this epidemic has been reported elsewhere (35) . P. pickettii and P. cepacia were isolated from numerous ampoules. Nineteen randomly selected isolates originating from both clinical cultures and contaminated ampoules were tested.
MATERIALS AND METHODS Bacterial strains. Five strains of P. pickettii isolated from different patients' blood cultures from a single-source outbreak, as well as 14 organisms isolated from contaminated commercially produced "sterile" water for injection, were
tested. An epidemiologically unrelated strain of P. pickettii was also included. The isolates were randomly numbered 1 to 20 and stored at -70°C in buffered glycerol broth until processing. Prior to processing, the isolates were subcultured from glycerol broth and inoculated directly into broth for plasmid and genomic typing or onto solid media for antibiogram analysis and biotyping.
Biotyping. The isolates were cultured in tryptone soy broth overnight at 35°C. The optical density was adjusted to a McFarland 0.5 standard with a colorimeter (Hach, Loveland, Colo.), and the isolates were inoculated onto 21 biochemical substrates (6) ( Table 1 ) by a replicator method (5, 11) . Lactose, maltose, mannitol, and glucose oxidationfermentation basal media (OFBM) were also inoculated, and the results were used to determine the biovars (19, 35) a Growth on 5% sodium chloride and H2S production were measured.
resembling Al were scored as negative. A definite homogeneous purple color was recorded as positive. Substrate reaction profiles were assigned a species probability value by using the computer package Microlog 2, version 3.00 (Biolog). 4MUB-labelled substrates. Twenty-seven 4-methylumbelliferyl (7-hydroxy-4-methylcoumarin) (4MUB)-labelled substrates were used to type the 20 strains of P. pickettii by a modification of previously published methods (12, 13, 15) . The 4MUB-conjugated substrates were obtained from Sigma Chemical Co., St. Louis, Mo., with the exception of laurate and 2-acetam-2-deoxy-,-D-glucopyranoside (ICN Biochemicals, Cleveland, Ohio). The substrates were reconstituted as suspensions (Table 4) , filter sterilized, and stored at temperatures between -10 and -20°C. Prior to use, the substrates were thawed and 200-,ul aliquots were dispensed into borosilicate glass tubes. Known positive and negative controls were included with each test.
Test and control organisms were taken from the horse blood agar plate with a wooden applicator stick and inoculated into the substrate to give a dense suspension equivalent 4MUB-labelled substrates. All 20 isolates of P. pickettii had uniform results when tested with 4MUB-labelled substrates; therefore, no biotypes could be distinguished by this method. The 20 isolates were positive when tested with the substrates acetate, butyrate, ,B-D-glucoside, laurate, acid and alkaline phosphate, and propionate. All other substrates gave negative results (Table 4) .
Plasmid profile analysis. Results for plasmid detection were inconsistent. Plasmid presence could be demonstrated by the method described. The isolates had up to two bands detected at times; however, the profile patterns were not consistently reproducible, and analysis of the results was not considered useful.
Total genomic DNA analysis. PFGE resolution of DNA restricted with DraI ( Fig. 1) (11) . Several previous reports of outbreaks of P. pickettii infection have relied on these methods to identify strain variation (17, 22, 24, 35, 37) . The aim of this study was to compare conventional typing methods with both novel and rapid methods. Typing schemata were assessed by reproducibility, ease of technique, typeability, and discrimination power.
Apart from oxidation-fermentation typing, the traditional method of biotyping P. pickettii, all the phenotypic analyses were unsuccessful. There were no detectable differences with the conventional biochemical testing method or the rapid method using 4MUB-labelled substrates. 4MUB-labelled substrates have been successful in profiling bacteria including Pseudomonas maltophilia (30) , members of the family Enterobacteriaceae (18) , mycobacteria (15) Although plasmid typing is straightforward to perform, the results are often inconsistent and unreliable (11, 16, 31 
